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(54) Electrically erasable and programmable memory device 



(57) The present invention is related to a planar 
high-density EEPROM split gate memory structure (22), 
is formed using two poly-layers and chemical-mechan- 
ical-polishing processes. Stripes of contiguous poly 
lines, alternately formed in one of the two poly-layers (7, 
11), constitute the memory structure. Source (13) and 
drain (14) regions are formed self-aligned to the outer 
borders of this memory structure. Depending on the bi- 
asing scheme a poly line (W4) is used as the select gate 



of the memory cell (21 ) while an adjacent poly line (W5) 
is used as program gate, so to have charge stored un- 
derneath (b1 15 ) this adjacent poly (W5) line using 
source-side-injection (k) of charge carriers. The other 
poly lines (W1-3, W6-7) are biased to form conductive 
channels (1 9, 20) between the select and program gate 
to the source and drain regions. These conductive chan- 
nels form soft source (1 9) and drain (20) regions next to 
the select and program gate in use. 
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Description 
Field of the invention 

[0001] The present invention relates generally to mul- 
ti-bit semiconductor memory devices and more particu- 
larly to two-bit electrically erasable and programmable 
non-volatile memory devices. The present invention us- 
es a trapping dielectric for charge retention. 
[0002] The present invention is also related to a proc- 
ess for producing said memory structure. 
[0003] Finally, the present invention is related to a 
method for programming and/or erasing said memory 
structure. 



Background of the invention 

[0004] EEPROM (Electrically Erasable and Program- 
mable Read Only Memory) offers the opportunity of 
electrically storing and removing data. The data stored 
in the EEPROM is represented by charge injected either 
onto a floating gate or into charge trapping sites in a 
dielectric or charge -trapping layer, forming part of a FET 
(Field Effect Transistor) structure comprised in the EEP- 
ROM. This electrical charge introduced in the FET struc- 
tures influences the threshold voltage of at least a part 
of the FET structure. The charge, and hence the data 
associated with it, will be retained even when the elec- 
trical power to memory is removed. Therefore these de- 
vices are also labelled as NVM-devices (Non Volatile 
Memory). 

[0005] Document US-A-5 969 383 which is related to 
a "split gate memory device and a method for accessing 
the same" discloses a single bit EEPROM in which a 
split gate FET functions as a memory cell. Each memory 
cell contains a control gate formed on top of an Oxide-Ni- 
tride-Oxide (ONO) stack and, adjacentto but electrically 
insulated from this control gate, a select gate on top of 
a dielectric. Source and drain regions are formed self- 
aligned respectively to this control gate and the select 
gate. The programming of the memory cell is done by 
the so-called source-side-injection (SSI) mechanism. 
The select gate is biased to form a conductive channel 
in the semiconductor region underneath the select gate 
dielectric to conduct electrons from the drain region on- 
wards. The control gate is biased to have the corre- 
sponding underlying semiconductor region depleted 
and to attract the charge carriers, originating from the 
drain region, in the conductive channel. The attracted 
carriers are injected into and stored on the ONO stack 
underneath the control gate. Reading and writing of the 
memory cell are done in opposite directions to obtain 
high read -out-sensitivity. 

[0006] Document WO-A-0990 700 which is related to 
a "two bit non-volatile electrically erasable and program- 
mable semiconductor memory cell utilising asymmetri- 
cal charge trapping" discloses a dual bit flash EEPROM, 
in which a single FET functions as a memory cell. Each 



memory cell contains a gate stack formed by a conduc- 
tive layer on top of a dielectric sandwich and source/ 
drain regions formed self-aligned to this gate stack. The 
middle dielectric layer of this dielectric sandwich acts as 
5 a charge-trapping layer. Within this charge-trapping lay- 
er, charge can be stored at two opposite sides, respec- 
tively at the source and at the drain side, instead of being 
distributed along the charge-trapping layer, as was the 
case in document US-A-5 969 383. Each side corre- 
10 sponds to a single bit of data, leading to two charge stor- 
age points under a single word line. An Oxide- Nitride- 
Oxide (ONO) stack can be used as such dielectric sand- 
wich. The non-conductive nitride prevents, depending 
on its dimensions and process-conditions, the ex- 
's change of charge being stored at two opposite charge 
storage points present in the nitride layer. The program- 
ming of each bit of the two-bit memory cell is done by 
the so-called channel hot electron (CHE) injection. 
Reading and writing of the memory cell are also done 
20 in opposite directions or in an asymmetrical way. 

[0007] In "Twin MONOS cell with dual control gates", 
published in the proceedings of the "VLSI Symposium" 
2000, Hayashi et al. disclose an EEPROM memory cell 
consisting of two MONOS memory elements. Each 
25 memory element shares one common word or select 
gate (WG) with its neighbouring memory element. Each 
memory element further contains a control gate (CG) 
and a diffusion line (D). Two neighbouring memory cells 
will have the control gate and the diffusion line in com- 
30 mon. The cross-sectional view of a 'Twin MONOS" - 
memory cell very much resembles the "split gate" mem- 
ory cell of document US-A-5 969 383 in that on both 
sides of the select gate a control gate is formed. Both 
source and drain regions are then formed self-aligned 
35 to their corresponding control gates. Each memory ele- 
ment is capable of storing a single bit of data. The pro- 
gramming of the memory element is done by the so- 
called source-side-injection (SSI) mechanism. Reading 
and writing of the memory cell are also done in opposite 
40 directions or in an asymmetrical way. 

Aims of the invention 

[0008] A first aim of the invention is to disclose a non- 
45 volatile memory structure and a method for accessing 
the memory structure that are power efficient and suit- 
able for low-power applications. 

[0009] A further aim of the invention is to disclose a 
non-volatile memory structure that is simple and inex- 
50 pensive to fabricate. 

[0010] A further aim of the invention is to disclose a 
non-volatile memory structure that is most area efficient. 
[0011] A further aim of the invention is to disclose a 
non-volatile memory structure capable of storing at least 
55 two bits of data. Each bit of data can be multi-valued, i. 
e. a bit can have different charge contents, each charge 
content corresponding to a different data value. 
[0012] A further aim of the invention is to disclose a 
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non-volatile memory structure that requires a reduced 
amount of charge to achieve a detectable change of 
threshold voltage. 

Summary of the invention 

[001 3] The memory structure according to the present 
invention is an array of 2-bit NVM memory cells com- 
prising a first sequence of parallel isolated active area 
regions formed in a substrate, a second sequence of 
planar adjoining cell stacks, being positioned above and 
substantially perpendicular to said first sequence of par- 
allel isolated active area regions, junctions formed self- 
aligned to and at opposite sides of said second se- 
quence of planar adjoining cell stacks, said planar ad- 
joining cell stacks being isolated from each other and 
comprising a conductive gate and a charge-storing die- 
lectric layer, sandwiched between two dielectric layers 
and comprising two regions, each region capable of 
storing 1 bit. 

[001 4] In a further aspect of the invention a method to 
manufacture a memory structure is disclosed. This 
method of forming a two-bit NVM EEPROM structure 
comprises the steps of : 

defining a multitude of active area lines, separated 
by isolating field oxide regions; 
depositing on top of these active area lines a first 
cell stack, comprising a first isolating dielectric, a 
dielectric capable of storing and retaining electric 
charge, a second isolating dielectric and a first con- 
ducting layer; 

patterning the deposited first cell stack to form a 
multitude of lines at equidistant spacing and orient- 
ed substantially perpendicular to the active area 
lines, preferably the multitude of patterned first cell 
stacks comprises at least two lines; 
filling the spacing in between the equidistant pat- 
terned first cell stacks with a second cell stack, com- 
prising a first isolating dielectric, a dielectric capable 
of storing and retaining electric charge, a second 
isolating dielectric and a second conducting layer, 
the second cell stack being electrically insulated 
from the first cell stack; 

planarising the second cell stack thereby removing 
the second conducting layer outside the spacings 
between the equidistant patterned first cell stacks; 
optionally forming self-aligned to the array of first 
and second cell stacks spacers and junctions, 
thereby defining a channel region underneath the 
array of abutted first and second.cell stacks. 

[0015] In further aspects of the invention, methods for 
programming, reading and/or erasing the memory struc- 
ture according to the present invention are disclosed. 
[001 6] More particu larly the present invention is relat- 
ed to a method for programming and reading a bit in a 
two-bit memory cell stack, in an array of two-bit non- 



volatile memory cells, wherein said array comprises a 
first sequence of parallel isolated active area regions 
formed in a substrate, a second sequence of planar ad- 
joining cell stacks being positioned above and substan- 
5 tially perpendicular to said first sequence of parallel iso- 
lated active area regions, junctions formed self-aligned 
to and at opposite sides of said second sequence of pla- 
nar adjoining cell stacks, said planar adjoining cell 
stacks being isolated from each other and comprising a 
10 conductive gate and a charge-storing dielectric layer, 
sandwiched between two dielectric layers and compris- 
ing two regions, each region capable of storing 1 bit. 
[0017] Said method comprises the steps of: 

15 - selecting a memory cell stack, 

programming in a forward direction a bit in one of 
said two regions of said memory cell stack, by 
grounding one junction, positioned at the same side 
as said one of said two regions and applying a high 

zo potential to a junction, positioned at the opposite ' 
side of said one of said two regions; 
applying a high voltage to all cell stacks except to 
the cell stack neighbouring said one of said two re- 
gions to invert the active area regions underneath 

?5 said biased cell stacks; and, biasing said neigh- 
bouring cell stack at a voltage slightly above the 
thresholds -voltage of said neighbouring cell stack 
to thereby inject electrical charge of a first type into 
said one of said two regions such that the threshold 

w voltage of said selected cell stack is at least at pre- 
determined level when said memory cell stack is 
read in the same direction from which it was pro- 
grammed; 

reading said programmed bit in forward direction; 

f 5 by grounding said junction positioned at the same 
side as said one of said two regions and applying a 
: , low potential to said junction, positioned at the op- 
posite side of said one of said two regions; 
applying a high voltage on all cell stacks except to 

o said selected memory cell stack to invert the active 
area regions underneath said biased cell stacks; 
and, sensing to what extent the threshold voltage 
of said selected memory cell is changed by said in- 
jected electrical charge. 

5 

[0018] More particularly, the present invention is re- 
lated to a method for programming, reading and/or eras- 
ing a bit in a two-bit memory cell stack, in an array of 
two-bit non-volatile memory cells, wherein said array 

so comprises a first sequence of parallel isolated n-type ac- 
tive area regions formed in a substrate, a second se- 
quence of planar adjoining cell stacks, being positioned 
above and substantially perpendicular to said first se- 
quence of parallel isolated active area regions, junctions 

55 formed self-aligned to and at opposite sides of said sec- 
ond sequence of planar adjoining cell stacks, said pla- 
nar adjoining cell stacks being isolated from each other 
and comprising a conductive gate and a charge-storing 
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dielectric layer, sandwiched between two dielectric lay- 
ers, and comprising two regions, each region capable 
of storing 1 bit. 

[001 9] Said method comprises the steps of: 

5 

selecting a memory cell stack; 
programming in a forward direction a bit in one of 
said two regions of said memory cell stack, by 
grounding one junction, positioned at the same side 
as said one of said two regions and applying a high 10 
negative potential to a junction, positioned at the op- 
posite side of said one of said two regions; 
applying a high negative voltage to all cell stacks 
except to the cell stack neighbouring said one of 
said two regions to invert the n-type active area re- *s 
gions underneath said biased cell stacks; 
biasing said neighbouring cell stack at a negative 
voltage slightly more negative then the threshold 
voltage of said neighbouring eel! stack to thereby 
inject positive electrical charge into said one of said 20 
two regions such that the threshold voltage of said 
selected cell stack is at least at predetermined level 
when said memory cell stack is read in the same 
direction from which it was programmed; 
reading said programmed bit in forward direction by 25 
grounding said junction, positioned at the same side 
as said one of said two regions and applying a low 
negative potential to said junction, positioned at the 
opposite side of said one of said two regions; 
applying a high negative voltage on all cell stacks 30 
except to said selected memory cell stack to invert 
the n-type active area regions underneath said bi- 
ased cell stacks; 

sensing to what extent the threshold voltage of said 
selected memory cell is changed by said injected 35 
electrical charge; 

erasing said programmed bit by biasing said junc- 
tions to a voltage of an opposite sign that is zero 
volt or larger; and, 

tunnelling negative electrical charge through one of 40 
said two dielectric layers at least into said one of 
said two regions. 



Short description of the drawings 



45 



[0020] Exemplary embodiments of the invention and 
of the use of the invention are shown in the drawings. 
The drawings are schematic representations of the in- 
vention and therefore the dimensions and the relative 
dimensions do not correspond to actual reductions to so 
practice of the invention. 

[0021] Fig. 1 is representing a schematic diagram of 
a non-volatile memory according to the invention. 
[0022] Figs. 2a-2j are schematic top views and a proc- 
ess flow of the memory matrix of Fig. 1 is given in Figs 55 
2a-2i, according to a preferred embodiment of the 
present invention. 

[0023] Fig. 3 is representing a detailed cross-section 



B-B' of Fig. 2h according to an embodiment of the 
present invention. 

[0024] Fig. 4 is representing a schematic layout of 
EEPROM memory cell according to the present inven- 
tion. 

[0025] Fig. 5 is representing a cross-section of the 
memory structure according to an embodiment of the 
present invention, during write operation. 

Detailed description of the invention 

[0026] The invention is described in the sequel 
through a detailed description of several embodiments 
of the invention. It is obvious that other embodiments of 
the invention can be configured according to the knowl- 
edge of persons skilled in the art without departing from 
the true spirit of the invention. 

[0027] It is important to note that in the remainder of 
the text the voltage levels indicated are assumed to be 
independent of the power supply voltage. The power 
supply voltages supplied to the chip embodying the 
present EEPROM memory structure may vary while the 
voltages applied to the terminals of the memory struc- 
ture will be supplied from regulated voltage sources and 
set to the desired value. Although the EEPROM of the 
present invention is capable of storing two bits of data 
at their corresponding storage site under the same 
word-line, support circuitry and concepts as used in sin- 
gle bit EEPROM can be used as is known by a person 
skilled in the art. The sense amplifier circuitry of the two- 
bit memory cell must be able to distinguish between the 
un-programmed and the programmed state of each bit 
as is done in case of single bit memory cells. The power 
supply circuit needed to supply the desired voltage lev- 
els and the logic circuitry needed to address and control 
the programming of the device can be similar to the cir- 
cuits already used in single bit EEPROM devices. 
[0028] In a first aspect of the invention a memory de- 
vice and a method for manufacturing this memory struc- 
ture is disclosed. 

[0029] A schematic diagram of a non-volatile memory 
(NVM) according to the invention is shown in Fig. 1 . The 
memory matrix in this example shows 9 word lines W h 
labelled from i = 1 to 9, and 4 bit lines B j} labelled from 
j = 1 to 4. At the intersection of each word line and bit 
line a field-effect transistor (FET) is present, capable of 
storing data at two electrically insulated storage points. 
Hence this FET can be described as a two-bit memory 
cell according to the present invention. Each FET or in- 
tersection is labelled Fy, with T* being the word line in- 
dex and n j" being the bit line index. The array of (9 x 4) 
= 36 structures, arranged in rows and columns accord- 
ing to the present invention, yields a memory matrix of 
(9 x 2=) 18 data words of 4 bits each or 72 bits in total. 
In accordance with the present invention the non-vola- 
tile memory (22) may comprise an array of two-bit cells 
Fj j arranged in any number "j" of rows Bj and any 
number V of columns Wj. 
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[0030] A schematic top view and a preferred process 
flow of the memory matrix (22) of Fig. 1 are given in Figs. 
2a-2i. The memory cells or structures are fabricated in 
or on a semiconductor substrate (1). This semiconduc- 
tor substrate is typically a silicon wafer. For the purpose 
of teaching the invention p-type wafers are used and n- 
type FETs are fabricated in and on these p-type wafers. 
It is obvious to a person skilled in the art that a memory 
structure according to the present invention can also be 
obtained by fabricating p-type FET structures on a n- 
type substrate or n-well. In Figs. 2a-2i the front-end-of- 
line (FEOL) process steps needed to create the memory 
structure (15) are disclosed. The process steps needed 
to form the interconnect circuitry, i.e. the back-end-of- 
line (BEOL) processing such as contacts, vias, metal 
lines and corresponding insulation layers, needed to ad- 
dress the individual memory cells Fy are not discussed. 
Parallel with the fabrication of a memory structure ac- 
cording to the present invention other FET-based cir- 
cuits such as logic circuitry, power control logic etc. can 
be formed, possibly requiring some additional process 
steps, e.g. dedicated gate dielectrics for high voltage 
transistors. The formation of such peripheral circuits is 
also not discussed here. 

[0031] After providing the semiconductor substrate 

(1) a plurality of, substantially parallel, active area lines 

(2) is defined in a major surface (1 5) of the substrate (1), 
as shown in Fig. 2a. These active area lines (2) are sep- 
arated and isolated from each other by field regions (3). 
Several techniques known in the art, such as LOCOS 
or Shallow Trench Insulation (STI) can be used to define 
the active area regions (2) and the interleaving field re- 
gions (3). Fig. 2b presents the cross-section A-A' along 
a bit line B1 , showing the field regions (3) bordering the 
active area (2). The active area lines (2) will form the bit 
lines Bj of the memory structure (22) illustrated in Fig. 1 . 
[0032] Afterthe formation of the active area's (2)afirst 
stack of layers is formed as shown in Fig. 2c. On top of 
the major surface (15) a stack of layers is deposited, 
preferably in an uniform way using chemical vapour 
deposition (CVD) methods, which are known to a person 
skilled in the art. This first stack of layers comprises a 
conductive top part (7) and a non-conductive bottom 
part (1 6). The conductive part (7) is typically constructed 
from polycrystaUine silicon and is used as gate electrode 
to bias the FET structure. The non-conductive bottom 
part (16) must be capable of receiving charge carriers 
injected from the conductive top part (7) or from the ac- 
tive area below (2) and act as the gate dielectric of the 
FET structure. The non-conductive bottom part must be 
capable of storing and retaining charge carriers injected 
from the conductive top part (7) or from the active area 
below (2). The non-conductive bottom part (1 6) must be 
capable of locally storing and retaining charge injected 
to selected locations within this bottom part (1 6) and pre- 
venting diffusion or displacement of the injected charge 
within the non-conductive bottom part (7). 

[0033] The non-conductive part (16) can be a sand- 



wich of a first (4), a second (5) and a third (6) dielectric 
v layer. The first (4) and third (6) dielectric layers are elec- 
trically insulating the middle layer (5), which is used as 
a charge trapping or charge-storing layer. The charge 
5 trapping layer can be a nitride layer where the non-con- 
ductive nitride layer is dimensioned such as to prevent 
dispersion of charge stored at different positions within 
the nitride layer, an oxide layer with buried separated 
poly-silicon islands where the charge is stored within 
10 these conductive poly-silicon islands, a layer comprising 
separated silicon microcrystals, where the charge can 
be stored in these separated silicon microcrystals. The 
non-conductive bottom part (16) can be formed by de- 
positing a first dielectric (4) on top of the major surface 
15 (15). This first dielectric (4) is typically silicon dioxide 
formed by thermal oxidation of the silicon substrate (1) 
or can be deposited by a variety of CVD (chemical va- 
pour deposition) techniques, e.g. TEOS formed by Low 
Pressure CVD, oxides formed by Atomic Layer CVD. 
20 Typically the thickness of this first dielectric is between 
4 and 20 nm. A second dielectric (5) is formed on top of 
the first dielectric (4), which electrically insulates this 
second dielectric (5) from the active area (2) under- 
neath. Typically the second dielectric (5) is silicon ni- 
25 tride, having a thickness between 2 and 20 nm. On top 
of the second dielectric (5) a third dielectric layer (6) is 
formed, e.g. by CVD, which electrically insulates the 
second dielectric (5) from the conductive top part (7). 
Typically this third dielectric is silicon oxide having a 
30 thickness between 20 to 400 nm. In the thus formed 
ONO stack the nitride layer (5) provides the charge re- 
tention mechanism for programming the memory cell. 
On top of the third dielectric layer (6) a first conductive 
gate (7) is formed. Typically polycrystaUine silicon hav- 
35 ing a thickness ranging from 100 to 400 nanometer 
(nm), is used as gate material. In this example the first 
conductive gate (7) will be n-type doped, e.g. by Arsenic 
or Phosphorus ion implantation. 
[0034] The deposited first stack of layers is patterned 
40 (see Fig. 2d) yielding the first cell stack (23) in such a 
way as to form a multitude or sequence of lines Wj sub- 
stantially perpendicularto the active area lines (2). Each 
set of lines or sequence comprises a number "i" of lines 
preferably placed at equidistant spacing. Preferably the 
45 width w of the first cell stacks (23) and the spacing s 
between these first cell stacks are of the same value. 
Fig. 2e shows a top view of such a set of "i" = 5 lines 
formed by patterning the first stack of layers (4,5,6,7). 
These patterned first cell stacks will form the first part 
so of the word lines Wj of the memory structure (22) illus- 
trated in Fig. 1 . The patterning of the stack of layers 
(3,4,5,7) is preferably done using known photolitho- 
graphic and dry etching processes. 
[0035] After patterning the first cell stack (23) a sec- 
55 ond stack of layers is formed as shown in Fig. 2f . The 
second ceil stack (24) comprises again a non-conduc- 
tive (1 7) and a conductive part (11 ). The non-conductive 
part (17) electrically insulates the second conductive 
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layer or gate (11 ) from the first conductive gate (7) and 
from the underlying active area (2). 
[0036] In a preferred embodiment illustrated in Fig. 2f 
the non-conductive part (17) comprises a sandwich of 
3 dielectric layers. The first (8) and third (10) dielectric s 
of this second cell stack electrically insulates the middle 
layer (9), which is used as charge trapping layer. The 
second cell stack (24) can be formed by conformal de- 
positing of a first dielectric layer (8) on top of the pat- 
terned first stack. The exposed surfaces of the first gate 10 
stack (23) and of the active area in the spacing between 
the first gate stack (23) will be covered by the first die- 
lectric layer (8). This first dielectric (8) can be silicon ox- 
ide. On top of this first dielectric (8) a second, charge 
trapping, dielectric (9) is deposited by conformal depos- is 
iting. The second dielectric (9) can be silicon nitride. A 
third dielectric (1 0), e.g. silicon oxide, is conformably de- 
posited on top of thesecond dielectric (8). On top of this 
third dielectric the polycrystalline silicon gate layer (11) 
is deposited. In a preferred embodiment of the invention 20 
first dielectrics (4,8) areof the same material, e.g. oxide. 
Second dielectrics (5,9) are of the same material, e.g. 
nitride. Third dielectrics (6,10) are of the same material, 
e.g. oxide. The gate layers (7,1 1 ) are also the same ma- 
terial, e.g. polycrystalline silicon. 25 
[0037] This second stack of layers can be planarised 
using a CMP (Chemical Mechanical Polishing) process. 
The second poly layer (1 1 ) is polished using the second 
non-conductive layer (17) as polish-top layer. This sec- 
ond layer stack can be polished until the second non- 30 
conductive part (17) is exposed, as shown in figure 2f. 
In this case the non -conductive layer (1 7) of the second 
gate stack (24) is not only located between the conduc- 
tive parts (7,11) of the first (23) and the second gate (24) 
stack, but also on top of the first gate stack (23). The 35 
second layer can be polished until the first cell stack, 
more particularly the top gate layer (7) is exposed as is 
shown in Fig. 5. 

[0038] The second cell stack can also be formed by 
atomic layer depositing in which a layer can be selec- 40 
tively deposited on a substrate. After conformal depos- 
iting of the non-conductive part (1 7) of the second stack 
the remaining gaps or equidistant spacing between the 
set of first cell stack lines (7) can be substantially filled 
by selectively depositing the second conductive layer 45 
(1 1 ) up to the level of the first cell stack. The top surface 
of the second stack (24) is at substantially the same lev- 
el as the top surface of the first stack (23); the memory 
structure (22) of the present invention comprises hence 
a planar array of contiguous polylines, alternately so 
formed in one of the two poly-layers (7,11). Fig. 2g 
shows a top view of the memory structure (22) of Fig. 
2h with the dielectric layer (10) remaining on top of the 
first stack alternated by the second poly layer ( 1 1 ) of the 
second cell stack. Outside the memory structure the 55 
second stack is removed resulting in an inter-digitated 
set of (2n-1) first and second cell stacks, with "n" being 
the number of patterned first stack lines in a set. 



[0039] After forming by polishing the second stack of 
layers, trie lines constituting the array of second cell 
stack (24), spacers (12) and junction regions can be 
formed in the active area at both sides of the array of 
first (7) and second (11) polylines as shown in Fig. 2h. 
The source/drain junctions can be formed by first im- 
planting lowly doped "LDD- regions (13a, 14a) self- 
aligned to the array of first and second polylines (7,11), 
then forming spacers (12) self-aligned to the .array of 
first and second polylines (7,11) and finally implanting 
the highly doped junction regions (13b;~13a). During the 
implantation of the junctions the first and second poly 
lines or gates (7,11) are also doped. Fig. 2i gives a top 
view of the device after formation of the spacers and 
junctions showing the array of patterned first and sec- 
ond cell stacks, one adjacent to another and electrically 
insulated from each other. One can see a grid of inter- 
spaced active area lines (2) and an array of abutted iso- 
lated cell stacks (23,24). Along the perimeter of the array 
of abutted cells or memory stacks, junctions are formed 
in the active area lines (2). 

[0040] Fig. 2h shows the cross-section along bit line 
B 1 , of a memory device according the present invention. 
The memory structure comprises a set of (2n-1) word 
lines Wj and "j" bit lines B,. In this example "n" = 5, and 
T = 4. Within one active area line, i.e. within a bit line, 
a chain of planar polylines is formed by an alternating 
and adjacent or adjoining sequence of a first and a sec- 
ond cell stack. Each cell stack comprises a conductive 
(7,11) and non-conductive part (16,1 V) and forms a FET 
structure. The non-conductive part (16,17) preferably 
comprises a second charge-trapping layer (5,9) sand- 
wiched between a first (4,8) and a third (6,1 0) dielectric. 
Adjoining cell stacks are electrically insulated from each 
other, preferably by the second non-conductive part 
(17). This array of cell stacks is terminated at both ends 
by spacers (12) and self-aligned source/drain regions 
(13,14). In between the source/drain regions a channel 
region (18) is formed in the substrate (1). Fig. 2i shows 
the top view of the device having its cross-section de- 
tailed in Fig. 2h. As illustrated in Fig. 2j the adjacent 
polylines do not have to be aligned. For contacting pur- 
poses the layout of Fig. 2j is more appropriate. Although 
the polylines of both stacks have substantially the same 
width and length, the polylines are indented relative to 
each other. The polylines of one stack are shifted rela- 
tive in longitudinal direction to the polylines of the other 
stack. This way part of a polyline extends beyond its 
neighbouring polylines and hence there is more area 
available to create the contacting structures. 
[0041 ] Fig. 3 shows a detailed section B-B* at wordline 
"i - 4" and bitline "j = 1 ■ of Fig. 2h. In the non-conductive 
part (1 7) underneath wordline W 4 two bits can be stored, 
respectively on the left (25) and on the right (26) side of 
the middle dielectric layer (9). The right bit (26) is la- 
belled T>r M " while the left bit (25) is labelled b^ 4 . Be- 
cause of the non-conductive character of the nitride lay- 
er (9), used as charge-trapping layer in a preferred em- 
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bodiment, the charge stored at a given location, e.g. at 
left or right underneath the wordline, will essentially not 
diffuse or be dispersed within this charge-trapping layer 
The electrical separation of the two bits in a wordline 
depends on the width of the wordline being the width of 
the first polyline (7) or the spacing between the first 
polyline (7), which defines the width of the second 
polyline (11). Hence such cell can retain the localised 
charge. As shown in Fig. 3 the dielectric layer 8 electri- 
cally isolates the left bit of wordline "i=4" from the right 
bit of wordline "i-1=3", although both localised charges 
are close to each other. 

[0042] Fig. 4 shows the elementary memory cell com- 
prising 2 interspaced active area lines (2) used as bit 
lines and a cell stack comprising a conductive gate (7) 
and a charge-storing dielectric (5), perpendicular to the 
active area lines (2), the minimal area required to store 
a single bit is F* for a minimum feature size F. The min- 
imal gate length and hence the width of each word line 
is F, while the width of and the spacing between the ac- 
tive area lines is also F. Within each intersection of a 
wordline W, and a bit line two bits of data can be stored 
yielding two bits data per 2F 2 area. 
[0043] In a second aspect of the invention methods 
for programming, reading and/or erasing the memory 
structure according to the present invention are dis- 
closed. It is important to note that the two-bit memory 
cell of the present invention is a symmetrical device. As 
is common practice in semiconductor devices the term 
"source" or "drain" is used to identify the junction regions 
at opposite sides of a gate stack or array of gate stacks. 
[0044] Depending of which of the two bits of the 
present cell is being addressed the biasing of the 
"source" and "drain" terminals is made appropriate. If 
the right bit is being addressed, the left junction is used 
as source terminal and the right junction as drain termi- 
nal. If the left bit is being addressed, the right junction 
is used as source terminal, while the right junction is be- 
ing used as drain terminal. In the remainder of the text 
the term "source terminal" identifies the left junction, 
while the term "drain terminal" identifies the right junc- 
tion. A junction (13,14) may comprise a lowly (13a, 14a) 
and a highly doped part (1 3b,1 4b). These doped regions 
(13,14) can be also be labeled as hard junctions, be- 
cause the concentration of the mobile charge carriers in 
these doped regions (13,14) is, in normal operating con- 
ditions, to a large extent independent of the applied volt- 
ages. Fig. 5 shows a cross section along a bit line of a 
memory structure according to the present invention. In 
order to teach the invention the programming (writing), 
reading and erasing of wordline 4 will be explained using 
the connection scheme as illustrated in Fig. 5. 
[0045] In a first embodiment of the second aspect the 
programming of the memory structure is disclosed. 
[0046] Charge can be stored in a memory structure 
according to the present invention consisting of 2n-1 
wordlines at 4(n-1) places, i.e. at the right side of the 
first wordline, at the left and right side of wordlines 2 to 



2n-2 and at the left side of wordiine 2n-1i In the bitline 
B 1 shown in Fig.2h, 1 bit can be stored at the right side 
of wordline W 1f the left side of wordline W 9 and on the 
left and right side of wordline W 2 to W 8 . As explained 
5 below, no charge can be stored in the left position un- 
derneath the first wordline W 1 and in the right position 
underneath the last wordline W 9 . 
[0047] The memory is programmed, i.e. electric 
charge is placed in 1 ofthe4(n-1) available storage plac- 
w es using the source side injection mechanism (SSI). Fig. 
5 illustrates the mechanism of storing data at a charge 
storage point, i.e. writing a bit bl 15 to the left side of 
wordline 5. 
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1 . The left junction which is the same side as the bit 
to be programmed, i.e. the source (1 4) is grounded, 
being the source potential. 

2. A potential is placed on the right junction, which 
is at the opposite side of the bit to be programmed, 
i.e. the drain (13), being the drain potential, e.g. 5V. 

3. The wordlines on the left of wordline 5, i.e. word- 
line 1 to 3, are biased at a positive voltage, e.g. 5V. 
The applied voltage is large enough to invert that 
part of the channel (1 8) underneath these wordlines 
thereby creating a virtual source (19) to the FET 
structure of wordline 4. The potential of source (1 4) 
is coupled to the left of wordline 4 as this inverted 
part of the channel extends from the hard junction 
(14) to the left of word-line 4. 

4. The wordlines 5 to 9, are biased at a positive volt- 
age, e.g. 6V. The wordlines are biased at a voltage 
higher than the voltage applied to the drain (13). 
The applied voltage is large enough to invert that 
part of the channel (1 8) underneath these wordlines 
thereby creating a virtual drain (20) to the FET struc- 
ture of wordline 4 t extending from the hard drain 
junction (1 3) to the right of wordline 4. The potential 
of source (14) is coupled to the left of wordline 4. 
As a result from step 3 and 4 all wordlines are bi- 
ased to invert the channel region underneath, ex- 
cept wordline 4. This wordline 4 is adjacent the bit 
to be programmed. 

5. Wordline 4 is biased at a moderate voltage, e.g. 
slightly above the threshold voltage of the FET 
structure, sufficiently high to turn on the channel un- 
der wordline 4. 

6. Wordline 4 and wordline 5 form a split gate struc- 
ture, having a virtual source (19) and a virtual drain 
(20). Carriers are flowing from the virtual source to 
the virtual drain. The applied voltages now create a 
high lateral electric field at the virtual drain and a 
high vertical electric field from the virtual drain to 
wordline 5. The lateral field generates a high 
amount of hot carriers. The generated hot carriers 
are attracted by the vertical field and injected in the 
dielectric above the virtual drain as shown by arrow 
k in Fig. 5. The injected carriers are trapped by and 
stored in the storage region bl 15 located inside the 
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dielectric (5) above the virtual drain. The threshold 
voltage of memory cell of wordline 5 at the selected 
bitline will change as function of the amount of 
charge injected and stored. 



[0048] More generally speaking the mechanism of 
vvnting data to a specific charge storage point can be 
described as follows. 

[0049] To inject charge at the left side of wordline i i 
ranging from 2 to 2n-1 : 

1. The first junction, e.g. (14), is grounded, being 
the source potential. 

2. A drain potential is placed on the second junction 
e.g. (13). ' 

3. If i>3 then wordlines 1 to i-2 are biased at a pos- 
itive voltage in order to couple the source potential 
to the virtual source (19), being the part of the chan- 
nel (18) located at the left side under wordline i-1 

4. Wordlines i to 2n-1 are biased at a positive volt- 
age in order to couple the drain potential to the vir- 
tual drain (20), being that part of the channel (18) 
located at the right side under wordline i. 

5. Wordline i-1 is biased at a moderate voltage, suf- 
ficiently high to turn on the channel under wordline 

[0050] The applied voltages now create a high lateral 
electnc field at the virtual drain and a high vertical elec- 
tric field from the virtual drain to wordline i. The lateral 
field generates a high amount of hot carriers. The gen- 
erated hot carriers are attracted by the vertical field and 
injected in the dielectric above the virtual drain The in- 
jected carriers are trapped by and stored in the storage 
dielectric located inside the dielectric above the virtual 
drain. 

[0051] To inject charge at the right side of wordline i 
i ranging from 1 to 2n-2: 

1 . The second junction (13) is grounded, being the 
source potential. 

2. A drain potential, i.e. a high voltage, is placed on 
the first junction (14). 

3. If i<2n-3 then wordlines i+2 to 2n-1 are biased at 
a positive voltage in order to couple the source po- 
tential (13) to the virtual source (20), being the part 
of the channel (18) located at the right side under 
wordline i+1 . 

4. Wordlines 1 to i are biased at a positive voltage 
in order to couple the drain potential (14) to the vir- 
tual drain (19), being that part of the channel (18) 
located at the right side under wordline i. 

5. Wordline i+1 is biased at a moderate voltage suf- 
ficiently high to turn on the channel under wordline 
i+1. 



trie field from the virtual drain to wordline i. The lateral 
field generates a high amount of hot earners The gen- 
erated hot earners are attracted by the vertical field and 
injected in the dielectric above the virtual drain Thein- 
* jected earners are trapped by and stored in the storage 
dielectric located inside the dielectric above the virtual 
drain. 

[0053] In a second embodiment of the second aspect 
the erasing of the memory structure is disclosed 
10 [0054] If an n-type active area is used, the selected 
bit is programmed by injecting holes into the dielectric 
above the virtual drain by creating, where appropriate 
p-type channels underneath the cell stack and these in- 
jected holes are stored in the programmed bit. For such 
p-channel memories in a preferred embodiment the pro- 
grammed bit is erased to introduce electrons into the 
programmed bit to compensate and annihilate the 
stored positive charge. In orderto erase the cell all word- 
lines are placed at a high negative potential, while the 

source (14) and drain (13) junctions are grounded or bi- 
ased pos.tive. Electrons will in this case tunnel from the 
conductive part (7, 11) of the cell stacks (23, 24) through 
the dielectric (6, 10) towards the charge-storing dielec- 
trie (5, 9). If no charge is stored in a node, the electric 
field in the dielectrics under (4,6) and above (8 10) the 
node are equal and the amount of charge at this node 
will not change. If charge is stored in a node, i e one of 
the two storage points (25, 26) within a cell stack (23 
24), the electric field under the node will be larger than 
30 the electric field above the node. If the field is sufficiently 
high, electrons can tunnel through the dielectric under 
the field towards the silicon. This electron tunnelling will 
continue until all charge is removed from the storaqe 
node. y 

35 [0055] In an alternative embodiment the memory 
structure is erased by injecting a hot hole from the virtual 
drain to compensate the locally stored charge A bit se- 
lective erase can be done using hot hole injection at the 
dram. To induce hot hole injection, conditions to induce 
« band-to-band tunnelling have to be applied. 

[0056] To erase the charge positioned at the right side 
of word line I, the following sequence will be applied- 
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[0052] The applied voltages now create a high lateral 
electnc field at the virtual drain and a high vertical elec- 



1 . The second junction (13), which is at a sameside 
as the bit to be erased, is biased at a high potential- 
the erase potential. 

2. Wordlines i+1 to 2n-1 are biased at a high poten- 
tial in order to pass the erase potential to the virtual 
drain (20), i.e. a conductive channel is formed in the 
substrate to extend the second junction (13) adja- 
cent to the wordline that will be erased. All wordlines 
between the selected wordline i and the junction at 
the same side of the bit to be erased are biased to 
invert the channel region underneath. 

3. The selected wordline i is biased at negative po- 
tential. 

[0057] With these applied conditions, the channel un- 
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tier wordline 1+1 is in strong inversion and at high poten- 
tial The channel under wordline i is in strong accumu- 
lation and at the potential of the bulk. The h.gh electnc 
field atthe virtual drain induces band-to-band tunnelling^ 
The high potential difference between virtual dram and 
bulk accelerates the tunnelling electrons and induces 
impact ionisation's. The generated holes are accelerat- 
ed towards wordline i by the vertical field created by the 
negative potential on wordline i. 
[0058] To erase the charge positioned at the left side 
of word line i, the following sequence will be applied: 

1 . The first junction (1 4) is biased at a high potential: 
the erase potential 

2 wordlines 1 to i-1 are biased at high potential in 
order to pass the erase potential to the virtual drain 
(19). 

3. Wordline i is biased at negative potential. 

[0059] With these applied conditions, the channel un- 
der wordline i+1 is in strong inversion and at high poten- 
tial The channel under wordline i is in strong accumu- 
lation and at the potential of the bulk. The high electnc 
field atthe virtual drain induces band-to-band tunnelling. 
The high potential difference between virtual drain and 
bulk accelerates the tunnelling electrons and induces 
impact ionisations. The generated holes are accelerat- 
ed towards wordline i by the vertical field created by the 
negative potential on wordline i. 
[00601 I n a third embodiment of the second aspect the 
reading-out of the memory structure is disclosed. 
[00611 The information stored atthe left side of a gate, 
e g selected wordline I, is read out by biasing the first 
junction (14) atthe same side as the programmed bit, 
to ground and biasing the other junction (13), atthe side 
opposite the programmed bit, at a low potential. All 
wordlines except selected wordline i are biased and are 
at high potential to invert the channel region underneath 
these biased worldlines. These voltages couple the po- 
tential of the first junction (e.g. 14) to the virtual source 
(1 9) at the left side of wordline i, and to pass the potential 
of the second junction (e.g. 13) to the virtual dram (20) 
atthe right side of wordline i. Charge located in the pro- 
grammed bit near the virtual source (19) will result in a 
larqe increase of the threshold voltage as measured at 
wordline I, charge located nearthe virtual drain will resuK 
in a small increase of the threshold voltage as measured 
at wordline i. Hence if charge is stored at the left side of 
the selected gate the threshold voltage of the memory 
cell is changed accordingly and the current flowmg 
trough the corresponding channel region is affected 
Hence by sensing the current controlled by the selected 
memory cell the presence of a certain amount of charge 
can be detected. 

[0062] The information stored at the right side of a 
qate is read out by biasing the second junction (13) at 
ground and biasing the first junction (14) at a low poten- 
tial All wordlines except wordline i are biased at high 



potential. These biases are coupling the potential of the 
second junction (1 3) to the virtual source (20) at the right 
side of wordline i, and to pass the potential of the first 
junction (14) to the virtual drain (19) at the left side of 
s wordline i. Charge located near the virtual source (20) 
will result in a large increase of the threshold voltage as 
measured on wordline i, charge located near the virtual 
drain (1 9) will result in a small increase of the threshold 
voltage as measured on wordline i. 

10 

Claims 

1 An array (22) of two-bit non-volatile memory cells 
comprising a first sequence of parallel isolated ac- 
tive area regions (2) formed in a substrate (1) and 
a second sequence of planar adjoining cell stacks 
(23,24), 



20 - said second sequence of planar adjoining cell 
stacks (23,24) being positioned above and sub- 
stantially perpendicular to said first sequence 
of parallel isolated active area regions; and 
- said planar adjoining cell stacks (23,24) being 
25 isolated from each other and being alternately 

formed in a first stack of layers and in a second 
stack of layers. 

2 An array as claimed in claim 1 wherein said first and 
30 ' said second stack of layers further comprise a con- 
ductive (7,11) and a non-conductive part (16,17), 
said non-conductive part (7,11) being at least in 
contact with said first sequence of parallel isolated 
active area regions and, wherein said non-conduc- 
35 live part (16,1 7) isolates said planar adjoining gate 
stacks (23,24) from each other. 

3 An anay as claimed in claim 2 wherein said non- 
conductive part (16,17) comprises a sandw.ch of a 

40 first dielectric (4,8), a second dielectric (5,9) and a 
third dielectric (6,10). 

4 An array as claimed in claim 3 wherein said first di- 
electric and said third dielectric (6,10) are of the 

45 same material and said second dielectric is capable 
of holding selected charge in portions thereof. 

5 An array as claimed in claim 4 wherein said second 
dielectric is formed of nitride, said nitride being ca- 

so pable of holding said selected charge in selected 
regions thereof. 

6 An anay as claimed in claim 4 wherein said second 
dielectric is an oxide layer comprising embedded 

55 regions of polysilicon, each of said embedded re- 
gions of polysilicon being capable of holding said 
selected charge. 
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• An array as da.med in claim 4 wherein said second 
dielectnc comprises silicon micro-crystals, each of 
said s.l,con microcrystals being capable of holding 
said selected charge. 3 

An array as claimed in claim 3 wherein said non- 

mg gate stacks (23,24) from each other is the non- 
conducnve part (1 7) of said second stack of iayers 
and said non-conductive part further overlaps said 
conductive part (7) of said first stack of layers. 

An array as claimed in claim 8 wherein said non- 
Znm7 P Vr (1?) overta PP in 9 ^id conductive 
layer ^ ° f ' ayers is a P°'teh*top 



10. A method of forming an array (22) of two-bit non- 
volatile memory cells comprising the steps of: 
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forming a first sequence of parallel isolated ac- 
tive area regions (2) in a substrate (1 )• 
forming on top of and substantially perpendic- 
ularto saidfirstsequence (2) of parallel isolated 
active area regions (2) a first sequence of inter- 
spaced cell stacks (23) formed in a first stack 
of layers (7,16), 

depositing uniformly over said substrate (1) a 
second stack of layers (11, 17) thereby sub- 
stantially filling the spacing between said first 
sequence of interspaced gate stacks (23) and 
planansing said second stack of layers ni 17) 
thereby forming a second sequence of cell 
stacks (24) in between and abutted by said first 
sequence of interspaced cell stacks (23). 
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11. 



cla.m 10 wherein the step of forming a first se- 
th^sTeps or 16 ^ 3 ^ Ce " ^ {23) COm P rises 

40 

- depo siting a stack of a non-conductive layer 
(16) and conductive layer (7), and 

- patterning said stack of a non-conductive layer 
(16) and conductive layer (7). 45 

12 ' lafrr^ ° f f0miin9 an afray (22 > as cla ™ed in 

s S If , ? St6P ° f dep0Sitin 9 a sec °nd 
stack of layers (11, 17) comprises the step of de- 
posing a stack of a non-conductive layer (1 7) and so 
a conductive layer (11). ' 



13 



lat °t 0miinS a " (22 > as cla, "™ed 'n 
claim 10 wherein the step of planansing said sec- 
ond stack of layers (11,17) comprises the step of 
polishing down said conductive layer (11) 0 f said 



55 



£iTS °J fmin9 an 3rray (22 > as c,aime d 'n 

oollh n f ,aye,B COm P rises ^p of 

polishing down said conductive layer (11) of said 

layer (7) of said first cell stack (23). 

claim 10 further comprising the steps of forming 
junctions and sidewall spacers self-aHgned Tsart 
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A method for programming, reading and erasina a 
brt ,n a two-bi, memory cel, stack, fn an array^) 
of two-bit non-volatile memory celte, said array 
comprising a first sequence of parallel isolated ac 
t.ve area regions (2) formed in asubstrate (1) asec 
ond sequence of planar adjoining cell stacks (23 
24), being positioned above and substantially per- 
pendicular t0 sajd fjrel sequence Qf para(|e| . s X P 

active area regions, junctions (13,14) formed self- 
ahgned to and at opposite sides of said second se- 
quence of planar adjoining cell stacks, said planar 

ShoT Ce ". StaCkS (23 ' 24) bei "9 felted from 
each other and comprising a conductive gate (711) 
and a charge-storing dielectric layer (5 9) sand 
wiched between two dielectric layers 4 6 8 10) 
and comprising two regions (25, 26), each region 
capable of storing 1 bit, said method comprising'the 

- selecting a memory cell stack' 

- programming in a forward direction a bit in one 
(25) of said two regions (25, 26) of said memory 
cell stack, by grounding one junction (14) po- 
sitioned at the same side as said one (25) of 
said two regions (25, 26) and applying a high 

potent,altoajunction(13),p OS itioneda?theop 
Posite side (1 4) of said one of said two regions 

applying a high voltage to all cell stacks except 
to the cell stack neighbouring said one (25) of 
said two regions (25,26) to invert the active ar- 

biasing said neighbouring cell stack ata voltage 
slightly above the threshold voltage of said 
neighbouring cell stack to thereby inject electri- 
cal charge of a first type into said one (25) of 
said two regions (25,26)such that the threshold 
voltage of said selected cell stack is at least at 
predetermined level when said memory cell 
stack ,s read in the same direction from which 
it was programmed; 

reading said programmed bit in forward direc- 
tion b y grounding said junction (14), positioned 
at the same side as said one of said two regions 
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and applying a low potential to said junction 
(13), positioned at the opposite side of said one 
of said two regions; 

applying a high voltage on all cell stacks except 
to said selected memory cell stack to invert the 5 
active area regions (20,19) underneath said bi- 
ased cell stacks; and, 

sensing to what extent the threshold voltage of 
said selected memory cell is changed by said 
injected electrical charge. 10 

17. A method for programming, reading and erasing a 
bit in a two-bit memory cell stack, in an array (22) 
of two-bit non-volatile memory cells, wherein said 
array comprises a first sequence of parallel isolated 15 
n-type active area regions (2) formed in a substrate 
(1), a second sequence of planar adjoining cell 
stacks (23, 24), being positioned above and sub- 
stantially perpendicular to said first sequence of 
parallel isolated active area regions, junctions 20 
(13,14) formed self-aligned to and at opposite sides 
of said second sequence of planar adjoining cell 
stacks, said planar adjoining cell stacks (23, 24) be- 
ing isolated from each other and comprising a con- 
ductive gate (7,11) and a charge-storing dielectric 25 
layer (5,9), sandwiched between two dielectric lay- 
ers (4,6 - 8,10), and comprising two regions (25, 
26), each region capable of storing 1 bit, said meth- 
od comprising the steps of: 

30 

selecting a memory cell stack; 
programming in a forward direction a bit in one 
(25) of said two regions (25, 26) of said memory 
cell stack, by grounding one junction (14), po- 
sitioned at the same side as said one (25) of 35 
said two regions (25, 26) and applying a high 
negative potentialto a junction (13), positioned 
at the opposite side (1 4) of said one of said two 
regions (25,26); 

applying a high negative voltage to all cell 40 
stacks except to the cell stack neighbouring 
said one (25) of said two regions (25,26) to in- 
vert the n-type active area regions (20,19) un- 
derneath said biased cell stacks; 
biasing said neighbouring cell stack at a nega- 45 
tive voltage slightly more negative then the 
thresholdvoltage of said neighbouring cell 
stack to thereby inject positive electrical charge 
into said one (25) of said two regions (25,26) 
such that the threshold voltage of said selected so 
ceil stack is at least at predetermined level 
when said memory cell stack is read in the 
same direction from which it was programmed; 
reading said programmed bit in forward direc- 
tion by grounding said junction (14), positioned 55 
at the same side as said one of said two regions 
and applying a low negative potential to said 
junction (1 3), positioned at the opposite side of 



said one of said two regions; 

applying a high negative voltage on all cell 

stacks except to said selected memory cell 

stack to invert the n-type active area regions 

(20,19) underneath said biased cell stacks; 

and, 

sensing to what extent the threshold voltage of 
said selected memory cell is changed by said 
injected electrical charge; 
erasing said programmed bit by biasing all cell 
stacks (23,24) to a large voltage of a first sign; 
biasing said junctions (13,1 4) to a voltage of an 
opposite sign that is zero volt or larger; and; 
tunnelling negative electrical charge through 
one of said two dielectric layers (4,6 - 8,10), at 
least into said one (25) of said two regions 
(25,26). 
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